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INVESTIGATION OF PRESSURE DISTRIBUTION OVER AN EXTENDED
LEADING-EDGE FLAP ON A L2° SWEPTBACK WING

By D. Williem Comner and Gerald V. Foster
SMMARY

The pressure dlstribution over a leadling-edge flap hes been
Investigated in the Langley 19-foot pressure tunnsl. The model wes
composed. of a 429 sweptback wing of NACA 6h-series sections attached
to a fuselage In a high-wing posiltion with deflected half-spen splib
flaps and outboard exitended leading-edge flaps. Measurements of pressure
over the leading-edge flap were obtained through an angle-of-attack
range at & Reynolds number and Mach number of 5,120,000 and 0.11,
respectively. Some asrodynamic characterlstics of the complete model
were obtainsd at Reynolds muwber and Mach number of 6,840,000 and 0.1k,
respectively. )

The results Indicete that the Tlap normal-force coefficient
Increased almost llnearly with angls of atbtack to a maximum valus
of 3.25. The meximm sectlon normal-force coefficlent was located
gbout 30 percent of the flap span outboard of the inboard end and had
a valus of 3.75. Peak negatlve pressures bullt wp at the flep leading
edge as the angle of attack was Increasad and caused the chordwlse
location of flap center of pressure to be moved forwerd. In the high
angle-of -atteck range the center of pressure ranged between 49 and
55 percent of the flap chord.

INTRODUCTION

The investigatlion reported In reference 1 indicated that the
inherently low meximum 1ift and poor longitudinel stebility nesr the
stall of swept wings can be greatly improved by the use of suitable
lesading-edge Tlaps. The design applicetion of leading-edge flaps
requires a knowledge of the flep loads in three-dimensional flow.
Pressure ~dlstribution meesurements have, therefore, heen made over a
leading-edge flap for one of the more satisfactory conmbinatlons
reported in reference 1 and the results are presented herein.

The 42° sweptback wing mounted on a fuselage in a high-wing

arrangement had half-span spilt fisps and outboard extended leading-
edge flaps. Both force measuwrements for the complete configuration
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and leading-edge-flap pressure measuremsnie were obtained through the
1lift range at high valuss of Reynolds number and at values of Mach
nunber corresponding approximately to teke-off or landing conditions.

COEFFICIENTS AND SYMBOLS

The coefficients and symbols used herein are as follows:

angle of attack of wing chord line

f

Cy, 1ift coefficient (Lift/gS)
Cp dreg coefficient (Drag/qS)

Cn piltching-moment coefficilent referred to querter-chord polnt of
moan eserodynamic chord (Moment/qS5)

cn section normal-force coefficlent of leading-edge

1
. /x
flap 24 (—-)
q
o N

CNf normal-force coefficient of complete leading-edge

flap Qﬁl °n a@-ﬁ))

¢
Ch, pection hinge-moment coefficilent of leading-edge flap (about

1
trailing-edge point of flap chord) @ 2xa @E))
: 0 .

chf " hinge-moment coefficlent of leading-edge flap (about trailing

1
- £
edge of flap) Ll] 4 -—-)
chf b
. < 0 g

CeP. center of pressure of leading-edge flap in percent of flap chord
_ c
meagured from leading edge of flap GOO --100 cﬂ)
. 53
R Reynolds nunber (besed upon wing mean aerodynamic chord)}

S wing area {area of basic wing without flaps or fuselage)
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q free-stream dynamlc pressure
c wing mean aerodynemic chord
P locel pressure minus free-stream statlc pressure
Ve distence measured along span of leading-edge flap

by leading-edge flap span
distance measured a.iong chord of leading-edge flap

M

cp leading-edge flap chord measured perpendiculer to flap lesding
edge

MODEL

The model used in the present tests ls one previously used in
the investigation reported in reference 1. The model configuration
during these tests conslsted of the high-wing-fuselage cambination,
helf-spen split fleps deflected 609, and constent-chord leasding-edge
flaps. (See fig. 1.)

The leading-edge flaps henceforth referred to as the flaps,
extended over a distance equal to 57.5 percent of the wing semispan with
the inboard end of the flaps located at 40O percent of the wing
semispan. As msesured in & plane perpendlcular to the wing querter-
chord line, a line connscting the leading edge of the wing with the
center of the flap-nose radius hed a 50° Incldence with the wing
chord. (See f£ig. 1.) The flap chord ‘used in presenting pressure
date was taken a&s the line comnscting leading and itrailling edges of
the flap. (See fig. 2.) Orifices were installed in the right-hand
flep at five spanwise stations. At each stetion and psrpendicular to
the flap leadling edge, & row of nine orifices was set flush wilth the
surface on the leeding edge and upper swrface of the flap. In addition,
to measure the static pressure of the lower surface, two tubes were
Instelled at the iInboard, middle, and outboard stetlons. These
orifices were not flush wlth the surface but any error 1n pressure
measwremsnt was belleved to be small becauss the veloclty at these orifices
was extremely =small. The spanwise location of the statlons and chord-
wlse location of the orifices for each station are shown in figuwre 2.
The connecting leads for the orifices were festened on the under
surface of the flap behind the flap nose. Between ths first and seccnd
row of oriflces, the leads followed the wing lower surface in a stream-
wlse directlon back to the model support. Any disturbances resulting
from the tube instellation were believed to be small.
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TESTS

Tests were made in the langley 19-foot pressure tunnel with air
compressed to approximately 33 pounds per squere inch sbsolute.
Pressures over the flap were measured on a multiple-~tube manomster and
recorded photographically for angles of attack of 6.8°, 11.1°, 15.3°,
18.59, and 21.6° at & Reynolds number of 5,120,000 and a Mach number
of 0.11. Measurements of 1ift, drag, and pitching moment of the complete
model were made through a range of angle of attack of -4© through
meximum 1ift et & Reynolds mumber of 6,840,000 and & Mach number of 0.1k.
The force measurements were cbtalned with the connector tubing removed
from the model.

RESULTS AND DISCUSSION

The 1ift, drag, and pitching-moment characteristics are presented
in figure 3. The ticked symbols indicate points at which flap pressure~
distribution measurements were obtained. The chordwise verlation of
the preasure over the flap is presented in figure U4 at each spanwise
station for the various angles of attack. Pressure coefficlents obtained
along the lower surface were falred polnt to point and no attempt was

made to reach stagnation pressure (‘3 = 1.(9 gince the effect on the

force coefflclent would be negligible. The dotted portions of the curves
are interpolations (meeded for integration) based on the existing date.
At low angles of attack the peak negatiyve pressures occurred near the
flap trailing edge but as the angle of attack increased a peak pressure
bullt up repidly at the leading edge, especlally near the inboard end
of the flap. The maximm negative pressure coefficient of -6.4t was
obtained et the station %i = 0.29 at the highest angle of attack

of the tests. The chordwise center of pressure which was located
rather far back at low angles of attack moved toward the leading edge

as the angle of attack was incressed. (See fig. 4.) In the high angle-
of -attack range it varied between 49 and 55 percent of the flap chord
behlnd the flap leading edge, depending on the spamwise station.

The pressure-distributlion curves were Integreted to cbtein the
sectlon normal-force coefficlents and section moment coefflcients about
the assumed hinge locatlon at the trailing edgs of the flap. The
chordwise-force coefficient was determined for a representative station
and found to be about 1 percent of the normal-force coefficient;
therefore, in determining the flap moment coefflclents only the normal-
foroce coefficlent was used. The spanwise varletlon of the section
coefficlients is presented in figure 5. Throughout the 1lift range the
maximim values of ¢, and chf occurred over the inboard 30 percent
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of the flap span. These values dropped off graduelly across the si;a.n at
moderate end high angles of attack. As the angle of attack was increased
above 15° the values of both ¢ and Cpp for the imboard station

of the flap showed only a slight Increase followed by a decrease. This
was probably assoclated with the wing stall which was shown in reference 1
to start immedlately behind the 1inboard end of flap.

The spaxwlse variation of the sectlon cosfficients was Integrated
to determine the btotal normel-forcece coefflclent and flep moment
coefficlent; the variation of these values wlth angle of attack is
presented in figure 6. The variation indicates & continuous increase
of normel-force coefficient with angle of attack, though the slope of
the curves decreased slightly ebove an engle of attack of 14°. The
maxlmym value of CNf obtained was 3.25 which was gbout 87 perceant of

the maximm velus of ¢, obtained for the seme angle of attack.
CONCLUDING REMARES

The results of an investigatlion of the pressure distributlon cover
a leading-edge flap on & sweptback wing indicete that the flap normal-
force coefficient increased almost linearly with angle of attack,
while the maximum section normal-force coefflcient occurred outboard
about 30 percent of the flap span from the inboerd end. Peak negatlve
pressures bullt wp at the flap leading odge as the angle of attack was
increased and caused the chordwlse.location of the center of pressure
to move ahead to neer the midchord point of the flep at high angles
of attack.

L]
ILangley Memorial Aseronautical ILaboratory
Nationael Advisory Commlttee for Asronsutlcs

Langley Fleld, Va.
REFERENCE

1. Grahem, Robert R., and Comner, D. William: Investigation of High-
Lift and Stall-Control Devices on an NACA 64-Series L2° Sweptback
Wing with and without Fuselage. NACA RM No. L7G09, 1947..



— NACA 64, /12

QPR3 chord hne \ ‘\\ 4200 —HE0 rmaxvmam diameter
4205+ \ N\
< %ﬁw
4= *527;‘/ R
N
MAC =347/
R

fiqure /.- Schemate drowng of leading-edge

flap o 42 sweprback wing. il dmensions
17 171, )

eolLT ‘oN WY VOVN




S 52 70
4827 4967 —
38,45 ———n]
T 2665 ———> N 22"
—{ 38— '——’1 A = */q
[ i LN
y -
/ P iy BN
Wing leodng 640 Spammse orifice Jocaon
T 010
4
Orfiel X | Y ” A '
o Tazz028 GI# 7 7
o1 .08 YX S
L .1%1‘ Secton A=A Chorawese oriiee focatton \/ 7K
AL 271 3B
N | 60] .52 ' \
N 2121 60
o lr7e0) TN
G geg 70 Wing chord /ine
¥ | 961 .3
X 12801 19 A

Frqure &~ Locaton of orifices on leadlng-edge flap (Al
dimensions w inches) |

golrr1 ‘oN WY VOVN




16
, | i aéo
4 gp/uv@' Dy&qb&e | G i R
12 7}( ,)F/s/
10 '

Plcked symbols Inditate oonditicna
of pressure distributlon measurements

A f

]

Y {

]

|
]

4 O 4 8 I2 16 20 24 28
@, dsg .08 .2

16 20 .24 .28 32 36 40

Cp

Plgure %.- Aerodynamic charucteristics of j2¢ awaptback wing with fusolage on. Lasding-edge flaps

and normal aoilt flsps. R = 6,840,000,

o

-0

Cm

=08

£ofLT "oN WY VOVN




07 =20 =57

@ x66°; o073, Gy

Parcsnt chorg
E=07 Lo o5 §te72 Ly

@t @=11°; G o101, Gy =159; Gy -080.

O
rz_—' i /l
\ , , O 0 b
: o 50 o
. O L b
; o Ny,
é S0 o Percent chory
P X, Y ¥
=07 =29 =5/ =72 | #2924
@ @+/5.3% Gus26; =248 ; Ghe=iig. - W

s

Frgure 4 -~ Fressure r/Zo/fan over g z@aa.’tbg—eage e for several angles of atrxck,
o000,

R~ 5,/20



10

NACA RM No. L7103

-5r
B -
2
..2 ?’
7 , »
&I58.
7 S
e
/ h

, S, J"
=07 =29 351 72 3-94
@ @185 Ge139; Gy n2sa, Gyy= 142,

Fercent chory
Y. ¥, ¥,
=07 =29 #:5/ 5;(._ 72

. Ce216%: 6121496y, -3 24, Gy, =162 SERA
Flgure ¢,~G‘aﬂc4/aeo'.



NACA RM No. L7]J03

20{.

/&

L2

[+
%y &

40

36

32

28

24

20 |

1&

L2

/
\
)

(9] 1 ]
(o) 10 20 30 #0 50 60 70 & 90 [oo
: percent of flap span

Flgure 5.- Variation of flap normal-force cosfficleant and Ilap ~~ment cocefflclent with angle of
attack. : - .



12 NACA RM No. L7j03

20

L2

/

0
o 4 & /2 16 20 24

a, deg

Figure 6.- Variation of total normsl-force coefflcient of flap and
flap moment ccefficlent with  angle of attack..

-






